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Abstract of EP0250217 

A device for indicating whether a rise in 
temperature above a predetermined value has 
occurred includes a support member (3), such as 
a label, on which a temperature-sensitive 
material (1 ) is deposited. The material includes a 
large number of f racturable microcapsules 
containing a medium which changes from a solid 
state to a liquid state at the predetermined 
temperature value. The viscosity of the medium 
in its liquid state and the material of the support 
member are chosen such that the distance d1 by 
which the medium flows across the support 
member after the fracturing of the microcapsules 
so as to activate the device is indicative of the 
time between activation of the device and cooling 
of the device to below the predetermined 
temperature value. If the temperature is 
subsequently allowed to rise above the 
predetermined value, the medium will again 
assume Its liquid state and will flow further across 
the support member, reaching a distance of, say, 
d2, thus indicating that the rise in temperature 
has occurred. The material may be printed on the 
label as a bar code, so that any rise above the 
predetermined temperature level will be Indicated 
by distortion of the bar code which renders it 
unreadable. 



Fig. 2. 
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® Temperature-sensitive materials and devices. 



® A device for indicating whether a rise in tem- 
perature above a predetermined value has occurred 
includes a support member (3), such as a label, on 
which a temperature-sensitive material (1) is depos- 
ited. The material includes a large number of frac- 

Sturable microcapsules containing a medium which 
changes from a solid state to a liquid state at the 
H^predetemnlned temperature value. The viscosity of 
r-the medium In its liquid state and the material of the 
N support member are chosen such that the distance 
t>y which the medium flows across the support 
lO member after the fracturing of the microcapsules so 
Was to activate the device is indicative of the time 
©between activation of the device and cooling of the 
-.device to below the predetemiined temperature val- 
^Jue. If the temperature is subsequently allowed to rise 
above the predetermined value, the medium will 
again assume its liquid state and will flow further 



across the support member, reaching a distance of, 
say. d2. thus indicating that the rise In temperature 
has occunred. The material may be printed on the 
label as a bar code, so that any rise above the 
predetermined temperature level will be indicated by 
distortion of the bar code which renders It urireada* 
ble. Pin 2 




Xerox Copy Centre 



0 250 217 



Temperature^Sensmve Materiais and Devices 



This invention relates to printing materials, and 
devices incorporating such materials, for indicating 
changes in temperature, and particularly for indicat- 
ing whether a rise in temperature alcove a predeter- 
mined value has taken place. 

Temperature-sensitive devices are required, for 
example, for monitoring tiie storage of commodities 
such as drugs, fbod^stuffs, and chemicals. In such 
an application tiie device Is typically attached to 
ttie stored commodity, and Is required to Indicate 
whether tiie temperature of tiie commodity has 
risen above a predetermined temperature at any 
time since tine device was attached to tiie com- 
modity. 

In our copending British Patent Application No: 
8526680 there is disclosed a device for indicating a 
rise in temperature above a predetermined value, 
comprising a quantity of a material which changes 
from a solid state to a liquid state at the predeter- 
mined temperature value, ttie material being con- 
tained In a fracturable enclosure. In use, tiie device 
Is attached to the commodity the temperature of 
which must be maintained below tiie predeter- 
mined temperature value, and is activated by tiie 
fracturing of tiie enclosure by pressure applied 
from outside the enclosure after the device has 
reached a temperature below tiie predetermined 
temperature value. Any subsequent Increase in 
temperature of the device above the predetermined 
temperature value will cause the material to be- 
come liquid, so tiiat it flows out of the previously- 
fractured enclosure, and causes a detectable 
change in the device which Is not reversed by 
subsequent reduction of the temperature of the 
device below the predetermined value. 

Such a device, and method of using tiie de- 
vice, suffers from tiie disadvantage, however, tiiat 
tiie enclosure must be fractured after the device 
has reached a temperature below the predeter- 
mined temperature. Where, in a typical application, 
tiie device is attached to such a commodity as 
frozen meat for sale in a supermarket, in a typical 
packaging process the meat prior to freezing is 
packed in a suitable wrapping material, and label- 
led with a label containing information such as the 
weight, price and sell-by date of tiie meat It would 
be particulariy convenient If a material for indicat- 
ing a rise in temperature above a predetermined 
value at which tiie frozen meat would spoil could 
be incorporated Into such a label, and if tiie ma- 
terial were activated as the label is dispensed. It is 
clear that a device as described in British Patent 
Application No: 8526680 could not be used in tills 



way. Furthermore, the problem also arises tiiat 
tiiere is typically a delay of up to two hours before 
tiie packaged and labelled meat is placed in a 
deep freeze In order to reduce Its temperature. 
9 It Is an object of the present Invention to pro- 
vide a printing material and a device for indicating 
changes in temperature, which can be used, for 
example, in tiie packaging process hereinbefore 
described. 

70 According to a first aspect of tiie invention 
tiiere is provided a device for Indicating a rise in 
temperature above a predetermined value, com- 
prising a support member; and a temperature-sen- 
sitive material deposited on tiie support member, 

76 tiie temperature sensitive material comprising a 
quantity of microcapsules containing a first medium 
which changes from a solid state to a liquid state at 
said predetermined temperature value, tiie micro- 
capsules being fracturable to activate tiie device by 

20 application of external pressure thereto when the 
first medium is in its liquid state; wherein tiie 
viscosity of tiie first medium wttiiln Its liquid state 
and a characteristic of the support member are 
chosen such tiiat the distance which the first me- 

25 dium flows across the support members from its 
place of deposition thereon after fracture of the 
microcapsules is indicative of tiie time elapsing 
between activation of the device and cooling of the 
device below said predetermined temperature val- 

30 ue; wherein a detectable change Is produced in the 
device if tiie temperature of tiie device rises above 
the predetermined temperature value after said 
cooling; and wherein the detectable change Is not 
reversed by subsequent reduction of tiie tempera- 

35 ture of tiie device below tiie predetermined value. 

The support members may comprises a po- 
rous material, or alternatively a glazed material. 

In one particular device in accordance witii tiie 
invention tiie detectable change is tiie flow of tiie 

40 first medium across the support member beyond 
tiie distance flowed before tiie cooling of the de- 
vice. 

In anotiier particular device in accordance with 
the invention, tiie device includes a second me- 

45 dium separated from tiie place of deposition of tiie 
temperature sensitive material by a distance great- 
er tiian tiie distance which tiie first medium flows 
across tiie support member before said cooling, 
the second medium when mixed with tiie first me- 

50 dium in Its liquid state producing tiie detectable 
change. 

In such devices tiie second medium preferably 
incorporates a solid which dissolves in the first 
medium to fonm a eutectic mixture which has a 
melting point below the predetermined value. 
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The second medium is preferably enclosed in 
microcapsules which are fracturabie by application 
of external pressure thereto during activation of the 
device. 

The first medium may incorporate a first dye of 
a first colour, and the second medium may incor- 
porate a second dye of a second colour, the first 
and second dyes mixing to produce a third colour. 

According to a second aspect of the invention 
there is provided a method of indicating a rise in 
temperature of an article above a predetermined 
value, comprising attaching a device as defined 
above to the article; fracturing the microcapsules 
by application of external pressure thereto whilst 
the temperature of the device Is above the pre- 
determined value; cooling the article and the de- 
vice below the predetermined value; and subse- 
quently detecting whether the medium has there- 
after risen above the predetermined temperature. 

Embodlmente of the invention will now be de- 
scribed, by way of example only, with reference to 
the accompanying drawing in which: 

Rgure 1 is a schematic plan view of a first 
temperature-sensitive device before activation; 

Figure 2 is a schematic plan view of the 
device of Rgure 1 after activation; 

Rgure 3 is a schematic plan view of a sec- 
ond device before activation; 

Rgure 4 is a schematic plan view of a tiilrd 
device before activation; 

Rgure 5 is a schematic plan view of a fourth 
device before activation; and 

Rgure 6 is a schematic plan view of a fifth 
device before activation. 

Referring to Rgure 1, a first device comprises 
a large number of microcapsules l printed in tiie 
form of a dot on to a porous material, for example 
a piece of paper 3, using a suitable technique such 
as Ink-jet printing. The diameter of each micro- 
capsule lies witiiln a range of, for example, 1 to 50 
microns, tiie preferred range being 5 to 10 
microns. Each microcapsule contains a 
temperature-sensitive material comprising a mix- 
ture of dodecane and a small, approximately 0.5%, 
amount of a dye. tfie dodecane having a melting 
point of -10'C and therefore being liquid at room 
temperature. The microcapsules are suitably 
formed of gelatine, or other microencapsulant ma- 
terial. The piece of paper 3 will generally form part 
of a label to be applied to an article, such as a 
piece of wrapped meat which is to be frozen and 
subsequentiy stored In a frozen condition. 

In use of tiie device, tiie label is attached to 
the piece of meat (not shown) during which pro- 
cess pressure is applied to tiie microcapsules such 
tiiat tiiey rupture, releasing tiieir contents. The 
dodecane/dye mixture will tiien start to fiow 
tivough tiie paper 3, staining the paper and Indicat- 



ing that the device has been activated. This fiow 
will continue until tiie piece of meat carrying tiie 
label is place In a refrigeration system and tiie 
temperature of tiie device is reduced below -lO^'C, 

6 at which point the dodecane will solidify, and stop 
fiowing. The viscosity of tiie contents of the micro- 
capsules 1 and tiie fonn of the paper 3 are chosen 
such that in tiie time period elapsing between tiie 
rupture of the microcapsules and the point at which 

JO tiie temperature of tiie device goes below -lO^C 
tiie contente of tiie microcapsules will not have 
spread over tiie whole of tiie paper 3. In tiiis period 
tiiey will, however, have spread over a generally 
circular area 5 of radius di centred on tiie original 

IS printed spot as indicated In Rgure 2, tills radius di 
being predictable from the viscosity of the contente 
and tiie fonn of tfie paper. Should any subsequent 
rise in temperature of tiie device above -lO^'C take 
place, for example due to a power cut in the 

20 electrical supply to tiie refrigeration system, tiie 
contente of the microcapsules will again start to 
flow tiirough tiie paper 3, further staining tiie paper. 
Hence, by the presence of a larger stained area on 
tiie paper 3 than tiie circle of radius di , an indlca- 

25 tion is given tiiat such a temperature rise has token 
place. An area defined by a circle of radius da as 
shown in Rgure 2 may be established as a thresh- 
okj for penmissible combinations of temperature 
rises and time periods during which such rises take 

30 place, before tiie meat must be regarded as 
'spoiled' and unfit for consumption. 

Referring now to Rgure 3, in an adaption of the 
device described above, tiie microcapsules con- 
taining tiie dodecane/dye mixture may be printed 

35 In the form of a stripe 9 on a piece of porous paper 
8. A line 11 separated from the stripe 9 by a 
distance da may be established, corresponding to 
the distance by which tiie material contained in the 
microcapules will flow in the time period elapsing 

40 between tiie rupture of tiie microcapsules and tiie 
reduction of tiie temperature of the device to - 
10*0. A furtiier line 13, separated from the stripe 9 
by a larger distance d< may also be established, 
defining tiie tiireshold tor 'spoiling' of tiie article 

45 carrying the device, analogously to the first device. 
Referring now to Rgure 4. tiie tiilrd device to 
be described Includes two sets of microcapsules, 
tiie first set 15 containing a mtxtore of dodecane 
and a small amount of dye as before, the dye 

so being, for example, yellow. The second set of 
microcapsules 17 contains Ecosane, which has a 
melting point of about 37'C and is tiieretore solid 
at room temperatures, and a small amount of a dye 
of a different colour from tiiat contained in the first 

55 set of microcapsules, for example cyan. The first 
set of microcapsules 15 is printed In tiie form of a 
dot, as before, on a piece of porous material 16, 
whilst tiie second set of microcapsules 17 is print- 
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ed in the form of a ring centred on the dot As 
before, the material 16 will typically form part of a 
label to be applied to a commodity, such as meat 
which is to be frozen and then stored in a frozen 
state. 

During application of the label to the meat, 
both sets of microcapsules 15 and 17 will be 
ruptured. As this process will be carried out at 
room temperature, the contents of the first set of 
microcapsules 15 will start to flow through the 
material 16. indicating activation of the device, 
whilst the Ecosane contained vnMn the second set 
of microcapsules 17 will be solid and consequently 
will not flow. The spacing of the microcapsules 17 
from the microcapsules 15 is chosen such that the 
meat will normally have been placed in a refrigera- 
tion system and cooled to below •IC'C before the 
contents of the microcapsules 15 reach the micro- 
capsules 17. If, however, the meat is not cooled to 
below this temperature in time, or after freezing it 
is subsequently allowed to rise above -lO^C, the 
contents of the microcapsules 15 will reach the 
contents of the microcapsules 17, and will start to 
dissolve the Ecosane. A eutectic mixture will thus 
be fomied which will not refreeze. At the same 
time, the yellow dye contained within the micro- 
capsules 15 will mix with the cyan dye contained 
within the capsules 17. to form a green dye. This 
will spread over the material 16 indicating that tiie 
meat is spoiled. 

Referring to Figure 5. this figure shows an 
adaptation of the device of Figure 4, in which 
stripes 19 of microcapsules are printed on a porous 
piece of paper 20, these microcapsules containing 
an ink comprising a mixture of dodecane and a dye 
of a first colour. Between the stripes 19. and 
spaced tiiereform by a distance de, are printed 
stripes 21 of microcapsules containing an Ink com- 
prising a mixture of Ecosane and a dye of a 
second colour. Use of this device is analogous to 
that of the device described with reference to Rg- 
ure 4. 

Figure 6 shows part of a label 22 including a 
bar code 23 of a type which is very commonly 
applied to foodstuffs and other commodities, in 
particular for use in automatic checkouts of super- 
mari<ets. A code reader at the checkout automati- 
caliy reads the code as the goods are passed 
across a reading position, and derives thereform 
such details as price and description of the goods, 
which are then printed on the checkout receipt 
which is subsequently issued to the customer. If 
the code reader cannot corectly decipher the bar 
code, it will operate an indicator, and special action 
must be taken by the checkout operator. If such a 
bar code Is printed using microcapsule material as 
described above, and the label is applied to a 
package of food which is subsequently frozen, any 



significant rise in temperature which occurs there- 
after will allow the dye to flow, thereby distorting 
the bar code and rendering it Indecipherable by the 
code reader. 

5 It will be appreciated that whilst In all of the 
devices described above by way of example, the 
material on which printing by the microcapsule 
material Is affected Is a porous material, in alter- 
native devices In accordance with the invention the 

10 microcapsules may be printed on a glazed ma- 
terial, for example a plastics material or a varnish. 
The content of the microcapsules when ruptured 
will then flow across the surface of the material. 
It will also be appreciated that the choice of 

75 materials which are enclosed within the microcaps- 
ules will be determined by the particular predeter- 
mined datum temperature. 

Furthennore, whilst the devices described 
above exhibit the required 'time delay' enabling a 

20 period to elapse between activation of the device 
and cooling of the device below the predetermined 
temperature, a futher advantage of tiie devices in 
accordance wltti the Invention over tiiose described 
in British Patent Application No: 8526880 is that a 

25 visible Indication Is obtained of the time elapsing 
during which tiie device Is above tiie predeter- 
mined temperature after activation of tiie device. 
This will be tiie case even if the temperature of tiie 
device does not rise above the predetermined tem- 

30 perature after It has first been cooled below tills 
temperature. 

Claims 

35 

1. A device for Indicating a rise in temperature 
above a predetermined value, characterised by a 
support member (3); and a temperature-sensitive 
material (1) deposited on tiie support member, tiie 

40 temperature-sensitive material comprising a quan- 
tity of microcapsules containing a first medium 
which changes from a solid state to a liquid state at 
said predetemntned temperature value, the micro- 
capsules being fracturable to activate the device by 

45 application of external pressure tiiereto when the 
first medium Is in its liquid state; in that the viscos- 
ity of tile first medium witiiin its liquid state and a 
characteristic of tiie support member are chosen 
such that tiie distance which tiie first medium flows 

60 across the support member from its place of depo- 
sition tiiereon after fracture of the microcapsules Is 
indicative of ttie time elapsing between activation of 
tiie device and cooling of tiie device below said 
predetermined temperature value; in tiiat a detect- 

55 able change is. produced in the device if the tem- 
perature of tiie device rises above tiie predeter- 
mined temperature value after said cooling; and in 
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that the detectable change is not reversed by sub- 
sequent reduction of the temperature of the device 
below the predetermined value. 

2. A device according to Claim 1, characterised 
In that the support member (3) comprises a porous 
material. 

3. A device according to Claim 1, characterised 
in that the support member (3)comprises a glazed 
material. 

4. A device according to any preceding claim, 
characterised in that said detectable change is the 
fiow of the first medium across the support mem- 
ber (3) beyond the distance flowed before the 
cooling of the device. 

5. A device according to any preceding claim, 
characterised by a second medium (21) separated 
from the place of deposition of the temperature- 
sensitive material (19) by a distance greater than 
the distance which the first medium flows across 
the support member before said cooling, the sec- 
ond medium when mixed with the first medium in 
its liquid state producing the detectable change. 

6. A device according to Claim 5, characterised 
in that the second medium (21) incorporates a solid 
which dissolves in the first medium to form a 
eutectic mixture which has a melting point below 
the predetermined value . 

7. A device according to Claim 5 or Claim 6, 
characterised in that the second medium (21) is 
enclosed in microcapsules which are fracturabfe by 
application of external pressure thereto during the 
activation of the device. 

8. A device according to any one of Claims 5 
to 7. characterised In that the first medium (15) 
incorporates a first dye of a first colour; in that the 
second medium (21) incorporates a second dye of 
a second colour; and in that the first and second 
dyes mix to produce a third colour. 

9. A device according to any preceding claim, 
characterise in that the support member is a label 
(22) and the material is deposited on the label In 
the form of a bar code (23) indicating details of an 
article to which the label is. or is to be, attached. 

10. A method of indicating a rise in tempera- 
ture of an article above a predetermined value, 
characterised by attaching a device according to 
any one of the preceding claims to the article; 
fracturing the microcapsules by application of ex- 
temal pressure thereto whilst the temperature of 
the device is above the predetermined value; cool- 
ing the article and the device below the predeter- 
mined value; and subsequently detecting whether 
the medium has thereafter flowed across the sup- 
port member. 

11. A material for indicating a rise In tempera- 
ture above a predetermined value, characterised by 
a quantity of microcapsules (1) containing a me- 
dium which changes from a solid state to a liquid 



state at said predetermined temperature value, the 
microcapsules being fracturable by application of 
external pressure thereto when the medium Is In its 
liquid state. 

5 12. A material according to Claim 11, charac- 
teried in that the medium (1) comprises a 
dodecane/dye mixture; and in that the predeter- 
mined temperature value is in the region of -10"C. 
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